Abstract. Full hemispherical X-ray photoelectron diffraction (XPD) experiments have been performed to investigate at the atomic level ultrathin epitaxial c-axis oriented PbTiO3 (PTO) films grown on Nbdoped SrTiO3 substrates. Comparison between experiment and theory allows us to identify a preferential ferroelectric polarization state in a 60Å -thick PTO film. Multiple scattering theory based on a clustermodel [Phys. Rev. B 63, 075404 (2001)] is used to simulate the experiments.
Introduction
Ferroelectric oxides display a variety of interesting physical properties including piezoelectricity, pyroelectricity, and a non-volatile switchable electric polarization. This functionality makes them attractive candidates for numerous applications such as actuators, high frequency filters, infrared detectors, or high density non-volatile memories [1] [2] [3] .
Recently, progress on the material side and new techniques have allowed ferroelectricity to be studied at nanoscale [4] . In particular, scanning probe microscopy has emerged as one interesting technique allowing local manipulations of domain structure in thin films and studies of ferroelectricity on nanometer scales [3, 5, 6] . Combining this technique with epitaxial Pb(Zr 0 .2Ti 0 .8)O 3 thin films, ferroelectricity was demonstrated down to 40Å [5] . X-ray synchrotron was also used to study epitaxial PbTiO 3 thin films grown on insulating SrTiO 3 substrates and revealed periodic 180
• stripe domains in films from 420 down to 12Å thickness [7, 8] . Very recently, a synchrotron X-ray micro-diffraction technique was developed to probe domain growth and switching in ferroelectric devices with submicrometer spatial resolution [9] .
All the techniques described above are probing an average (throughout the depth of the films) response of the material. To get a more detailed microscopic information on ferroelectricity and to be able to directly probe the ferroelectric polar distortion, an atomic scale sensitive techa e-mail: Laurent.Despont@Unine.ch nique is needed. In this paper we show that X-ray photoelectron diffraction (XPD), already known as an important tool for crystal structure analysis might be a possible route to address the problem of ferroelectricity in ultrathin films. In particular, this technique is applied to PbTiO 3 (PTO), a ferroelectric perovskite with a tetragonal structure below the critical temperature T c , characterized by two oppositely polarized ground states along the (polar) tetragonal c-axis [10] [11] [12] . These two "up" and "down" equivalent and electrically switchable states are characterized by the corresponding displacements of the Ti and O atoms in the unit cell delimited with Pb atoms, see Figure 1. For the data analysis and simulation of the experiment, the cluster-model approach of the EDAC code [13] is used.
Experimental and computational details
Here we study epitaxial c-axis oriented PbTiO 3 perovskite films grown using off-axis magnetron sputtering onto metallic (001) Nb-SrTiO 3 substrates. Topographic measurements using atomic force microscopy showed that these films are essentially atomically smooth. X-ray diffraction measurements allowed us to precisely determine the thickness of the films and the c-axis lattice parameter value, and to confirm epitaxial growth [14, 15] .
The samples were exposed to air during transfer from the growth chamber to the XPD experiment. No surface cleaning procedure was applied, and the measurements were performed at room temperature. Despite the
